D
espite improvements in prevention and treatment, traumatic brain injury (TBI) remains one of the most frequent causes of death and disability worldwide. [1] [2] [3] [4] Early estimation of prognosis for the patient with severe TBI is an important factor in making triage and treatment decisions and communicating with family. Rigorously defined and consistently measured prognostic indicators with demonstrated validity and reliability are critical to prognosis estimation, contributing to the internal validity of research investigations and strongly enhancing confidence in their application. 5 In 1996, at the request of the World Health Organization/Organization Mondiale de la Santé (WHO/OMS), the authors of the Guidelines for the Management of Severe Brain Injury 6 added an evidence report on early predictors of outcome to the publication of the management guidelines. They reported that the available literature supported age, Glasgow Coma Scale (GCS) score, arterial hypotension, computed tomography (CT) findings, and pupillary reactivity as early predictors with a positive predictive value (PPV) for poor outcome of Ͼ70%. Although disseminated globally with the Guidelines for the Management of Severe Brain Injury, 6 the validity of these five early variables in predicting outcome has never been rigorously tested outside of the "developed" countries that produced the supporting literature.
Such early variables have been extensively studied (in resource-rich countries), [7] [8] [9] [10] [11] [12] [13] [14] [15] but the development of accurate prognostic tools for severe TBI has met with limited success. Reasons for this include (1) incompletely controlled heterogeneity in the underlying pathology and subsequent evolution of the trauma across patients; (2) differences in treatment, including prehospital management, initial resuscitation, criteria for monitoring, and rehabilitation; (3) variations in measurement indices spanning initial assessment through long-term outcomes; and (4) wide variability in the rigor of study design and data collection and analysis. 16 -18 With respect to early prognosis, initial patient assessment is often confounded by early interventions such as sedation, analgesia, neuromuscular blockade, or endotracheal intubation. Furthermore, outcomes across patients with similar initial profiles may vary with different rehabilitation treatments. Finally, decisions not to treat based upon quality of life considerations and the use of advanced directives change the distribution of characteristics of patients used to develop prognostic models in ways that may not be well described or controlled. Taken together, sophisticated analy-sis may not be sufficient to resolve the variation introduced by such differences.
The objective of this study was to evaluate the prognostic value of the WHO/OMS set of admission variables measured in severe TBI patients in a resource-limited setting where the influence of prehospital and admission confounding factors was minimal, and to test their predictive power by using them to create an outcome model. Our goal was to create an accurate and reliable instrument for predicting outcome from TBI that physicians in Argentina, and perhaps other middle-and low-income countries, can use to make treatment decisions, guide prognosis discussions with patients and families, and conduct research.
MATERIALS AND METHODS

Setting and Subjects
Hospital Emergencias "Dr. Clemente Alvarez" (HECA) in Rosario, Argentina, is the only Level I trauma center in the State of Santa Fe, serving a population of 1,400,000 people. It has a 12-bed intensive care unit (ICU), 180 beds in the general ward, and 24-hour neurosurgery, laboratory, and radiology. Approximately 25% of the population lives at poverty level, and there is a 5% illiteracy rate. Fifty-five percent of the people are of mixed races, 40% are Caucasian, and 5% other.
Approximately 97% of patients with TBI treated at HECA arrive at the emergency department (ED) shortly after trauma without resuscitation or intubation. Thus, the GCS is assessed at hospital arrival in virtually all patients without the interference of prehospital interventions. ED and ICU treatment is performed using protocols in accordance with the Guidelines for the Management of Severe Brain Injury, 6 providing a tightly controlled research environment. In this population, all patients, except those that are brain dead on arrival, are fully treated, in contrast with other populations in which quality of life considerations may alter treatment decisions. Finally, there is currently no postdischarge TBI rehabilitation for this patient population. These factors minimize variability in the assessment of early prognostic factors for this study.
All patients admitted to the ED between August 2000 and February 2003 with indications of brain trauma were screened for eligibility for this study. Patients were eligible who met the following criteria: admitted to the ED within 24 hours of injury, diagnosis of TBI, GCS score Յ8 maintained during the first 24 hours, and age Ն12. Patients were excluded if they were sedated or intubated, had a penetrating brain injury, were brain dead on arrival, or if consent was refused.
Measures
Data describing patient characteristics, demographics, and premorbid history were collected consistent with the syllabus of the Traumatic Brain Injury Model System program funded by the National Institute on Disability and Rehabilitation Research. Predictor variables were age, GCS, pupillary response, hypotension and initial CT scan findings. GCS, arterial pressure, and pupil reactivity were obtained from the physical examination by the treating physician at hospital admission. Age was recorded in years and categorized in blocks of 10 years. Pupil reactivity was dichotomized as normal or abnormal. Pupil data were missing if swelling or direct trauma prevented examination (n ϭ 5). Arterial hypotension was defined as the occurrence of systolic blood pressure Ͻ90 mm Hg on admission and recorded as either present or absent. CT scans, conducted within 24 hours of admission, were classified in two ways: (1) globally, based on the presence or absence of abnormalities, and (2) specifically, according to the presence or absence of compression of the basal cisterns, midline shift (Ͼ5 mm), extradural hematoma, subdural hematoma, contusion, and traumatic subarachnoid hemorrhage (TSAH). Outcome, measured at 6 months postinjury, was mortality and function using the Extended Glasgow Outcome Scale (GOS-E) score. The GOS-E was dichotomized into favorable (score of [5] [6] [7] [8] or unfavorable (score of 1-4) outcomes.
Procedures
When a patient with a suspected TBI was admitted to the ED of HECA, the attending physician contacted the on-call study coordinator, who screened the patient for eligibility and met with family to obtain consent. All patients were treated according to the Guidelines for the Management of Severe Brain Injury. 19 Patients were asked to return to the hospital for follow-up evaluations. Study personnel conducted follow-up evaluations in the homes of patients who could not return to the hospital. All evaluations were performed by physicians who had been trained in the assessment measures specific to this study. The Institutional Review Board of Oregon Health & Science University and the Ethical Committee of HECA approved this study.
Analysis
A likelihood 2 test was used to evaluate the predictive power of each variable separately. Sensitivity, Specificity, positive and NPVs were also calculated, with dichotomized forms of the predictors (age Յ or Ͼ40 years, GCS score of 3 and 4 or 5-8, pupils normal or abnormal, hypotension present or absent, and CT indications present or absent). Two logistic regression models were created, each with the five predictor variables, one predicting mortality and the other predicting 6-month GOS-E scores classified as favorable or unfavorable outcomes. For the logistic regression analyses, age and GCS were continuous variables.
The models were re-estimated removing the CT scan variables because the time at which the initial CT scan occurred was different across patients (although all within 24 hours of admission), which introduced error variance to the data. A cut-point of 0.5 was established for classification. Finally, to facilitate practical application of the model, we developed tables and a computer-based calculator that might be used to predict mortality and outcome based upon individual patient measures on the predictor variables.
RESULTS
During the study period 386 patients treated in the ED of HECA were screened for eligibility. Of those, 238 were Of the 150 patients who met the inclusion criteria, 50 died within the first 24 hours and 98 were consented and included in the study. We received permission from the Ethical Committee to include public registry data from the 50 patients who died within the first 24 hours after injury so that a total of 148 patients were included in the study. Mortality and 6-month GOS-E data were acquired for 100% of the patients involved in the study. Table 1 illustrates patient characteristics and outcomes. More than 58% of the patients died, 33.8% within the first 24 hours and 19.6% during acute care. Thirty percent achieved a relatively good recovery (GOS-E score of 5-8), and 12% remained seriously disabled at 6 months postinjury. Table 2 shows the results of the 2 tests. All predictors were significantly associated with mortality and 6-month GOS-E except CT scan indications of contusion, epidural hematoma, and subarachnoid hemorrhage. Table 3 illustrates sensitivity, specificity, PPV, and negative predictive value (NPV) for each variable. For mortality as well as unfavorable outcomes, the only variable with low predictive value was epidural hematoma CT scan findings (N ϭ 11). The predictive value of all variables is approximately 10% stronger when predicting unfavorable outcomes than when predicting mortality.
Mortality
A multiple logistic regression model was created that correctly estimated mortality status for 85.7% of patients and that correctly estimated survival status for 81.4% (overall correct prediction of 83.9%). The five cases with missing pupil data were excluded from the analysis. The goodness of fit adjustment was not rejected (Hosmer-Lemeshow 2 ϭ 2.563, p ϭ 0.959). Details of the regression are shown in Table 4 . The variables with the strongest adjusted predictive value are age, GCS, pupillary response, hypotension, and the presence of compression or midline shift on CT findings. The estimated odds ratio shows significant increases in risk of death for each unitary change in these variables.
GOS-E
To evaluate the value of all variables for predicting 6-month GOS-E, a multiple regression model was estimated using GOS-E as a dichotomous variable (Table 5 ). It accurately predicted 88% of cases with unfavorable outcomes and 65.1% of cases with favorable outcomes (overall correct prediction of 81.1%). The goodness of fit adjustment was not rejected (Hosmer-Lemeshow 2 ϭ 9.834, p ϭ 0.277). The variables with the highest predictive values are GCS, pupillary response, hypotension, and the presence of compression or contusion on CT findings. The highest risk of bad outcome is the presence of hypotension.
Model Reestimation Without CT Scan Results
The initial CT scan was obtained at different times within the first 24 hours for different patients, which introduced measurement error to the model. In addition, early CT imaging is not uniformly available in developing countries. In response to these issues, two final models were estimated without CT scan indicators (Tables 6 and 7 ). Both maintain strong capacity for prediction. For mortality the model has an overall correct prediction of 79.7% (82.1% for death and 76.3% for survival). For GOS-E the model has an overall correct prediction of 79% (88% for bad outcomes and 58.1% for good outcomes). The tests of goodness of fit were not rejected (Homer-Lemeshow p ϭ 0.293 for mortality and 0.581 for GOS-E).
DISCUSSION
This article examines the power of accepted early prognostic indicators to predict outcome in a patient population that reflects TBI in low-and middle-income countries. The majority of trauma patients in such regions arrive at hospital without field interventions. They are treated by well-informed and dedicated physicians under conditions of often severely restricted logistic and management resources. Nursing is often limited in education and relegated to performing only basic care tasks rather than acting as a part of the medical team. Ancillary support (such as respiratory and physical therapy) is marginally available, floor care is managed under crowded and understaffed conditions, and postdischarge rehabilitation is extremely rare.
These conditions differ markedly from those in developed countries. Although they are strong sources of potential confounding interaction with treatment and outcome, the status of such variables are very rarely mentioned in the Materials and Methods sections of similar articles from developed countries; the assumption being that they are comparable across all trauma centers. Without the ability to quantify and control for such influences, the generalizability (external validity) of many treatment and prognosis studies from United States and European trauma centers is unclear and, therefore, suspect. For this reason, the operational relevance of many published TBI studies from United States and European trauma centers to developing world hospitals remains questionable.
When the first set of the Guidelines for the Management of Severe Brain Injury 6 were reviewed by the WHO/ OMS, they requested the addition of a section on prognosis to the text before granting their imprimatur to the document. The process of writing this evidence-based prognosis section generated a list of five variables that were found to be associated with a PPV Ͼ70% for poor outcome. This list, based on developed world literature, was then distributed globally with the Guidelines for the Management of Severe Brain Injury. 6 To date, however, there have been no rigorous, prospective outcome studies on the applicability and accuracy of these predictors to TBI occurring in low-and middleincome countries. As such, their validity for the majority of patients with TBI served by the WHO/OMS remains unclear. Addressing this validity issue with a high degree of rigor 20 is the focus of this article.
Another attractive and relevant aspect of this patient population is the absence of factors that highly confound TBI outcome studies from developed world trauma centers. Patients arrive at HECA without having been sedated, pharmacologically relaxed, or intubated. Although this is likely to contribute to the detrimental influence on outcome of secondary insults such as hypoxia and hypotension, it also allows an unimpeded initial examination of the nervous system (e.g. GCS). Additionally, ethical constraints in this population preclude decisions not to treat or to withdraw care, which eliminates the confounding influence of such decisions on outcome. As well, the absence of postdischarge rehabilitation removes the influence of another source of variability. Finally, these populations are much less mobile, which facilitated our accomplishing 100% 6-month follow-up. In aggregate, these patient and system attributes, unique to less developed countries, optimize gathering relatively uncounfounded data on outcome from TBI and increase the generalizability of our findings to other counties with limited resources.
One striking finding is the high mortality rate among those over 50 years of age. Almost 90% of patients in this age group died. Although most studies have found increased mortality in older adults, the rate here is substantially higher than reported from the developed countries. It would be interesting to see whether more severe early secondary insults play a role in the high mortality. At present, the salvageability of older patients with a severe TBI in this population appears extremely limited.
The PPV for mortality of 86% and for poor outcome of 91% for GCS score of Յ4 makes the model a valuable tool for early prognosis. This is in contrast to the situation in resource-rich countries where the inability to obtain a reliable, complete admission GCS measurement because of prehospital interventions may approach 50%, 6 which significantly diminishes the prognostic value of this scale. 21 As such, a full GCS score should be obtained in a standard fashion by trained personnel in all patients with TBI on admission in developing countries.
As is almost universally found in studies of early prognostic variables in TBI, hypotension exerts a strong influence on outcome. 15, 22 What is remarkable here is the magnitude of this effect. An admission systolic blood pressure of Ͻ90 mm Hg had a 90% associated mortality and a 96% association with poor outcome. For mortality, the PPV was 90%, with a specificity of 95%; for poor outcome, these figures were 98% and 97%, respectively. In our regression model, the odds ratio for mortality was 6.21, and for poor outcome was 11.03. As such, hypotension was the strongest determinant of outcome. Notably, it is the most amenable of these variables to treatment and the only one potentially open to prevention. In light of the glaring paucity of uniform prehospital resuscitation efforts available to these patients, these data suggest that improving care during this period should probably be the primary focus of attempts to improve outcome from TBI in this population. Recalculating the regression model without CT data served two purposes. Although the other variables were obtained upon admission, the initial CT was performed within 24 hours, which added a measurement error to the model. Calculated without the CT data, the model more accurately reflects the time of admission. Second, although HECA has 24-hour CT availability, it is more common in many Latin American and other resource-poor countries to not have a functioning CT scanner available for immediate use at many centers that regularly receive TBI patients. Even in relatively high resource regions, there may be no scanner in house or it may regularly be nonfunctional. As such, prognostic decisions will need to be considered in the absence of such data and we considered it useful to estimate the confidence associated with a model lacking CT information. The major impact of this modification was a decrease in the power of the model to predict survival (vs. mortality) and favorable outcome (for GOS-E) without much decrement in its ability to predict death or unfavorable outcome. As such, these data should still be useful for early treatment decision-making.
This study provides rigorous, prospective data that (1) validates the generalizability of the five WHO/OMS TBI prognostic predictors outside of the developed world, and (2) provides outcome benchmarks for mortality and morbidity from severe TBI in developing countries. With respect to the former, the remarkably high correlations between these variables and outcome suggest that these five predictors not only hold under such conditions but are actually quite powerful tools for early prognosis. Even without immediate CT information, the ability to predict death or poor outcome remains quite strong.
Regarding the provision of benchmark data, it should be noted that HECA is relatively sophisticated compared with many trauma centers in resource-limited countries, with good ICU facilities, intensivists with specific interest in TBI, and hospital-wide dedication to the care of trauma. Nevertheless, the overall mortality from severe TBI in this population treated at HECA is 58.8%, which is 22% higher than similar outcomes reported from the United States in the Traumatic Coma Data Bank for patients studied between 1984 and 1987. 23 It is 16% higher than the 6-month mortality from the placebo arm of the CRASH trial which combined severe TBI patients from countries of widely varied resource availability. 24 The establishment of such baseline data from a developing country per se highlights the differences between resource-rich and resource-limited systems and suggests that studies specific to the latter population are needed to facilitate the interpretation of the TBI literature by physicians outside of the United States and Europe. It also strongly implies that solutions to problems with TBI care must ultimately be derived from data generated within the system being addressed.
Important questions remain regarding the implications of these data, including their generalizability, and the interactions of early prognostic indicators with subsequent physiologic and therapeutic variables (and how these are influenced by resource availability). The NIH has recently funded this research group, in cooperation with the Latin American Brain Injury Consortium (LABIC), to perform a prospective outcome study at seven centers in five Latin American countries (in conjunction with an RCT on ICP monitoring in 3 of those centers). It is expected that this expanded data set will facilitate the rigorous investigation of many important unanswered questions. It is already apparent that the reality of TBI care is sufficiently different in resource-limited countries to render studies from resource-rich countries minimally relevant. It is hoped that gathering data under their practicing conditions (as well as building research capacity within their medical community) will provide a framework of understanding that will facilitate efficient and effective improvement in TBI care relevant to the developing world.
